Abstract-Observing celestial objects is common in radio astronomy. The Giant Meterwave Radio Telescope (GMRT) is one of the world's latest telescopes of its kind. The aim of this paper is to extend the number of array antennas and optimize configurations by changing the position of antennas for getting low sidelobes and high u-v plane coverage. Initially, the expansion along three arms configuration was studied and then expanding it to spiral shape. The results show about 98.5 percents less coverage of GMRT without expansion compare to the extended GMRT. The spiral expanded shows ability to cover the u-v plane more than expansion in three arms by sixteen percents.
INTRODUCTION
Astronomy is a science about studying celestial objects. Radio range of frequency is preferred in studying astronomy due to its easy observation from earth. The range of frequency is from Radio to Gamma ray. Some of them are blocked or their spectrums get absorption by the atmosphere before arriving to the earth. The examples of former one can be Gamma and X-rays, and the latter one is Infrared [1] .
The range of radio frequency is about 30 MHz to 3 GHz (10 cm to 10 m of wavelength). The observation of celestial objects at radio frequency is called radio astronomy [2] . In order to have this long distance communication, antenna with very high resolution is necessary. There are two ways to meet this requirement, either by making very large aperture of antenna or increasing the number of antennas. Building up an antennas with large aperture, is quite difficult or almost impossible. The second way is a better solution. The new configuration of using n number of antennas is called array antennas [3] .
There are several aspects that need to be taken in account while using array antennas to improve the performance of the system as well as resolution. One of them is the configuration of antennas in an array. Giant Meterwave Radio Telescope (GMRT) is one of the top telescopes of this kind. It is located close to 80 km north of Pune (19° 5'47.46" N 74° 2'59.07" E). GMRT is an array of antennas consisting of 30 parabolic dish antennas in a configuration of about Y shape. Each antenna has a diameter of 45 m and is distributed in an area of 25 km. Fourteen dishes are placed in a square area compactly of approximately 1 km by 1km. The configuration of these antennas is random. The remaining sixteen dishes are located along the 3 arms. The longest baseline is about 25 km [4] .
GMRT is working at meter wavelength. The range of frequency bands where GMRT operates is about 50, 153, 233, 325, 610 and 1420 MHz which are in the ranges of radio frequency [5] . There are lots of noble works on these kinds of array antennas to decrease sidelobes and improve the spatial frequency domain [6] - [12] . By changing the space of antennas equally and unequally in Y-shaped arrays, one can get different performance. The authors in [6] have shown the performance of unequally spaced linear arrays. In contrast, the authors in [7] have worked on Y shape configuration of phased array by applying particle swarm optimization (PSO). They showed that unequally spaced antennas in three arms can have better u-v coverage with less side lobe levels.
The question now is, if one wants to expand the existing array for getting higher resolution, where would the additional locations implemented? This paper presents some configurations of added antennas to a Y-shaped array of GMRT, in order to increase u-v plane coverage and decrease the sidelobes simultaneously.
GMRT has an open-ended arm, where at snapshot observatory the linear ridges in u-v plane coverage are not smooth [2] . Therefore, it should be considered during the extension of GMRT to get better results at snapshot and full synthesis.
The aim of this paper is to optimize an extended array of antennas to investigate the different kinds of configurations of added antennas to meet high uv coverage and low sidelobes simultaneously. The extended antennas located along three arms of GMRT's configuration are studied.
The rest of the paper is arranged as follows. Section II describes the background information of interferometry and u-v plane. Section III explains the expansion of GMRT and its results and we conclude in Section IV.
II. BACKGROUND

A. Concept of Interferometry
The Rayleigh's criterion of angular resolution, θ of an antenna is determined by
where λ is the wavelength and D is the aperture of antenna. According to formula (1), by increasing the size of aperture, higher resolution could be gained. By combining the outputs of any two antennas an interferometer baseline, B can be formed. Each B has complex amplitude and phase output voltage called visibility, V, which is actually the Fourier transform of sky brightness, and it can be derived as
where V (u, v) and I (l, m) are the complex visibility and sky brightness respectively.
B. u-v Plane
As the earth rotates the baseline B traces out an ellipse, and with n antennas one can have n(n-1)/2 ellipses which allowing us to perform an earth rotation synthesis as shown in Figure 1 . The projected baseline can be specified using u-v coordinates, where u and v being the east-west and north-south components of the baseline respectively, as indicated in the Figure 1 . Each ellipse gives information about the observed source. Therefore more number of ellipses or more coverage of u-v plane is required to get more information. To achieve this requirement with the same number of antennas, designing a good configuration becomes very important. 
C. u-v Plane of GMRT's configuration
The configuration of fourteen GMRT's antennas in a square of 1 Km2 and its approximately Y-shape is shown in Figure 3 
III. EXTENSION OF GMRT CONFIGURATION
A. u-v plane of different extended arrangements
Each position of antenna is specified in the spherical system coordinates by three values of latitude θ, longitude ϕ and radial distance R that needs to be converted to rectangular system. Here the radial distance is the value of the earth radius, R (R is about 6,378,100 m). The formula of conversion from spherical to rectangular system is as below.
The first configuration is about adding 15 antennas to 30 antennas of GMRT. Each arm is broadening around to 110 Km including five added antennas. Figure 4 indicates the new arrangement with its snapshot and 6-hour synthesis. As it is shown at snapshot the linear ridges in spatial frequency domain are not smooth. To perform this requirement, in the next configurations, the arms are getting curved Figure 5 -7. This can help linear ridges out to be smooth. Calculated sidelobes of different arrangements are shown in Figure 8 . In the next step arms are curved slightly. As it is seen at snapshot in Figure 5 for the first spiral configuration, the boundary is better than previous one and better coverage after 200 × λ Km in east-west and 100 × λ Km in north-south axes respectively. At full synthesis, the data are more spreading out and showing lower overlapping. Thus, by curving the arms one could get better uv plane coverage in both snapshot and hours of synthesized observations. As it is indicated in Figure  8 , first spiral has almost higher sidelobes than extended GMRT. In the next two steps, different curvatures are used to investigate a good angle to decrease the sidelobes while increase the u-v plane coverage. These curvatures are indicated with the second and third spiral shapes as shown in Figures. 6  and 7 respectively. In the second spiral shape, arms are covering the angular position of 60 to 96, 180 to 216 and 300 to 336 degrees. In the third spiral shape, curvature is more and arms are extended from 20km to 110 km as same as previous ones, that arms cover angular position of 62 to 70, 182 to 190 and 302 to 310 degrees. Second spiral has almost lower sidelobes than first and third spiral and its u-v plane coverage is well. 
